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XLIL Ohfervations for determining the 
Length of a Degree of Latitude in the 
Provinces ^Maryland and Pennfylvania^ 
in North America, by MeJJieurs Charles 
Mafon and Jeremiah Dixon. 

Read Nov. 24, T N this wofk^ the firft thing to be con • 
^7^3. Jl^ fidered was, how to continire a right 
line : and this was done by fetting up marks with the 
afTiftance of an equal altitude or tranfit inflrument (for 
k was contrived fo as to ferve either purpofe at pleafure), 
made by Mr. John Bird, of the fame conftrudion with 
that defcribed by M» Le Monnier, in the preface to the 
jfin^le volume of the French Hiftoire Cclefte. 

The cylindrical ends of the crofs axis of the te- 
lefcope were laid in two angles of the fupporters, 
which rofe perpendicularly from a horizontal bar, 
that was faftened firmly to the upper part of the ver- 
tical axis. The axis of the telefcope was fet truly 
horizontal, by a fpirit level hung on its cylindrical 

ends. 

The brafs frame, which receives the vertical axis, 
was fcrewed to a poft fixed in the ground, in the di-* 
region of the line which was to be continued. 

When the vertical wire in the telefcope was 
brought to bifedl: any mark, it was kept in that di- 
redtion, by confining firmly, between two puftiing 
fcrews, a horizontal arm that projected from a collar 
that furrounded the vertical axis ; and, to prove that 
a fmall fhock would not alter its pofuion, a fmall 

7 prefliire 
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jpreffure was applied againft one of the fupporters, 
which being removed, it was carefully noted, whether 
the wire returned again to bifle€l the mark. 

At every ftation (or mark) the telefcope was turn- 
ed two or three times after the mark was fixed in the 
line, to prove that the faid mark was truly fet. — In 
general, the diftances between the marks did not ex- 
ceed a mile, nor were they lefs than half a one. 

The telefcope magnified about a 5 times, TIucq 
or four marks were always left ftanding, and on a little 
rifing ground they would all be feen in a right line> 
the vertical wire in the telefcope biffeding their centers 
without fenfible error. 

The marks made ufe of in continuing the lines 
were concentrical circles of black and white> painted 
upon both fides of a board 1 4 inches fquare. This 
board moved in mortices made in two pofts, which 
were drove into the ground j and, when the center of 
the faid mark was brought, by means of fignals^ into 
the line, it was faftcned by wedges to the ports. 

By means of a plummet, a peg was driven into the 
ground, and a notch cut in it, under the center of the 
faid mark, in order to fecure the line. 

In the evening, when we left off, a mark was 
placed before, and two or three left behind my and 
in the morning the inftrument was again fet up in 
the fame place, to prove that the marks were nor 
moved. 

The tremour of the air (caufed by the fun's rays) 
was often very great 5 and, to avoid any error that 
might arife from the fluttering of the marks, we in- 
termitted our operations fometimes for five or fix hours 
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in a day, and were often obliged to make ufe of the 
morning or evening twilight. 

In the continuation of the line, a perfon was left 
at the mark, behind the inftrument, till another 
mark was fet forward, to prove with a plummet that 
its center was not moved. 

The vifto cut through the woods, in this work, was 
about eight or nine yards wide, and, in general, feen 
about two miles, beautifully terminating to the eye 
in a point. 

The zenith diftances of the ftars, for determining 
the celeftial arc, anfwering to the interval of the par- 
allels of the northernmoft and fouthernmoft points 
of the lines, were made with an excellent fedor of 
fix foot radius, conftrudled by Mr. John Bird. 

In the courfe of the work, for dividing the pro- 
vinces of Maryland and Pennfylvania, the fol- 
lowing lines were traced out, that offered 
themfelves for determining the length of a 
degree of latitude. 
In the following fig. let N reprefent the northern- 
moft point, and A the moft fouthern of the faid lines. 
Beginning at N, a meridian was traced from N to 

noil* chft> lUi« 

P. 't:: 14 64 8. In this line there were fome hills, 
which were meafured horizontally with a level, but 
the plains were meafured with a chain, 

ttt eh* Jilt* ^« m 

PC==:2 79 275 C being in the parallel of lati- 
tude with P, which was determined by the feftor. 

ttf eh. lin. ^ 

DC a meridian = 5 2 43, m which are three 
or four fmall afcents and defcents^ 

The 
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The points B D E and M are in a right line. 

BD = 22 Sly and the angle CDM=86° 32^^ 
nearly. Hence, 

eh. lin. 

B is fouth of D = I 36 =: D J-. 



m* ch« lin. 



The line A B rz: 8 r 78 31, in which is one gentle 
rifinghill, about half a mile over; all the reft of the 
line is an entire level or plain. 

Thefe meafurements, exprefTed in Englifli ftatute 
miles and parts of the fame, were made with a chain, 
eftablifhed from a brafs ftatute yard, which was 
proved and correded, in the courfe of the work, by 
another ftatute cliain (kept only for that purpofe) made 
from the faid brafs yard. They were only defigned 
for dividing the provinces of Maryland and Penfyl- 
vania: the fame lines were re-meafured afterwards 
with wooden rectangular levels, for the purpofe of 
determining the length of a degree of latitude, as will 
appear in the fequel of this work. 

The point C was placed in the parallel of latitude of 
P, thus. Let N (fee Tab. XIII. fig. 2.) reprefent the 
north pole of the terreftrial globe 5 P and R two places 
lying in the fame parallel of latitude RCP; PR an 
arch of a great circle=:io^joining the faid points 5 and 
P N, R N two meridians. P N or the complement 
of the latitude of P being ==50° 16' 42^^, the angle 
NPR or the azimuth of the great circle PR was 
found by calculation to be 89° 55^ 51^^ The going 
of the clock being found by equal altitudes of ftars, 
the times were computed when the fame or other 
ftars would pafs the azimuth of the line P R; and, at 
the time computed for any ftar, the interfcdion of 
the crofs wires of the tranfit inftrument being brought 

ta 
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to cover the ftar, the telefcope was turned down to 
the horizon, and a land-mark was fixed up at the 
diftaoce of about half a mile, anfwering to the inter- 
fedion of the wires. In like manner, by other ftars, 
feveral other marks were fixed up. and the mean of 
all was taken. In this direction the line PR was 
continued ; and though it was at firft intended to ex- 
tend it only to R, to the diftance of lo'' of a great 
circle, it was in fa£t prolonged fomewhat further, to 
S, PS being rz: 12,312 miles, or 10^ 45^^^ of a great 
circle. Now PC being =. 2,991 miles, or %' 3/^ of 
agreat circle, the angle NPC is = 89^" 58^ K^t^^^^, from 
whence N P S ==: 89'' ^^' 51^^ being fubtraded, there 
remains the angle SPC or ^PC =: 3^ 4^^, whence 
aQy or the diftance of the parallel PCR at C, fouth 
of ^, Should be 14,1 feet. But it having been made 
a rule, in dividing the provinces of Pennsylvania and 
Maryland, to trace out the parallels of latitude by the 
obfervations taken with the aftronomical fedtor only, 
the fe(5tor was put up at P and S fucceflively (fee 
fig. I.) and the zenith diftances of the ftarsCapdla 
a Lyrae, and others, were obferved at both places \ 
whence the point S was concluded to be 43 yards or 
129 feet = S QjBore northerly than P; and thence 
it was found by calculation, that the parallel of iati- 
tude PQ^at the point C (hould be 454^ feet, z=.aC 
diftant from the great circle P S, and to the fouth of 
the fame 5 and the point C was placed accordingly, 
hp laying off 454. feet= ^C, at right angles, to the 
line P^ from the point <3t towards the fouth, 

n C found by the fe<5lor, being 454. feet, and found 
by the azimuth of the line PS being 14,1 feet only, 

it 
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it follows, that had the pofition of the point C bcco 
determined by the latter method, inftead of the for^ 
mer, it would have been placed 31,4 feet more 
to the northward than it was found by the fedor; 
and, in confequence, the length of the degree of la- 
titude would have come out 2 1 feet longer. But the 
difference is fo fmall, that it only ferves to confirm the 
exaanefs of the work, and renders it unneceffary to 
enter into any confideration, which of the two me*- 
thods ought to be preferred. 

The meridians NP, CD, and AM, were found 
by celeftial obfervations. The method of proceeding 
was as follows : 

To find the meridian A M, and the angle that 
the line AB makes with the faid meridian. 

The equal altitude inftrument being fet up at the 
point A, with its vertical axis over the faid pQint;^ 
equal altitudes of ftars were obferved for finding the 
motion of the clock. The time was next computed 
when fome northern ftars would pafs the meridian by 
the clock, at which inftant (fliewn by the clock) the 
vertical wire in the telefcope was brought to bifedt 
the ftar ; and, the vertical axis of the inftrument re- 
maining fixed, the telefcope was turned down in the 
fame azimuth to the horizon, and a candle placed op-* 
pofite to the vertical wire, as a point in the meridian.. 

And the time of ftans pafiing an azimuth in the di-* 
reiSion of the line AB, for determining the angle 
BAM, was found by bringing the vertical wire in the 
telefcope to bifedt a candle placed (about i-^ mile from 
A) in the line AB5 the teletcope was then elevated ta 
the ftar, and the time when it pafled the faid vertical 
wire taken. 

The 
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THE RESULT OF THESE 



Star's zcj 


tub diitance 


at the 


point 


A. 








PLANE OF THE 






















In the tent eafl. 




a Lyrss, 




^ Cygni. 


5 


' Cygni, 




» 


Cygni. 




y Androin. 






















D. 


off/ 


1766. 


D, ° ' 


// 


m 


d A // 


D. ° 


' ff 


D. 


a 


r n 


8 


2 44 28,7 


oa. 


10 07 


19,0 






10 1 


S Sh.3 








10 


2 44 30,0 




II 07 


20, f 


II 


6 6 cf,6 


II 1 


3 S^>o 


II 


6 


^.5 


II 


2 44 30,7 




12 07 


22,0 


12 


6 6 51,0 


12 I 


3 5^o 


12 


6 


3.S 


12 


2 44 27,6 


Mean 11 


h 
II 07 


20,^7 




6 6 51,0 


I 


3 5i>7 




6 


4,p 




2 44 29,25 


Aberration — 


17,1*1' 




— i8,4Q 


— • 


i7»33 




— 


X7»75 




-— 4,a8 


Nutation 


— + 


6,12 




+ 4>H 


+ 


2,92 




+ 


2,25 




— 7^53 


Precefs. Oa. " 
II, 1764. J 






















0,0 




0,0 




0,Q 






0,0 




0,0 


Refraa. - 


.. 4- 


0,12 




-1- 6,11 


4- 


1,06 




+ 


6,0 




+ 2,75 


Mean zen. dift* 1 

the nth oa. j ^ 7 


9>7P 




6 6 42,8^ 


I 


3 3M2 




5 


59 55.0 


a 44 20,39 



Plane of the 



(Mober, 



14 

16 
17 



Mean - - - 
Aberration 
Nutation - 
Precefs. - - 
Kefraa. ~ - 



o 7 21,C 

o 7 22,7 

o 7 22,7 

o 7 23,3 



15 6 6*58,0 



18 6 6 5-9,3 



16 

17 
18 



I 3 54»7 

1 3 S5>5 

I 3' 56,0 

I 3. 5^>Q 



14 

'I 
IP 

^7 
t8 



6 
6 
6 

5 
6 



0,0 



1,2 



o 
o 
o 6,5 

59 S9'5 
o 2,3 



o 7 22,42- 

— . 16,74 

4. 6, 1 2 

•— 0,03 

•4* o> 1 2 



6 6 58,6^ 
18,31 
*f 4,14 
— o, 14 
-f 6,11 



T 



55*55 
I74P 

2,98E 

o,iJ8 
1,06 



6 

T 



0,7a 

17^93 



2,25 

c>>i9 
6^0 



Mean 

oa 



DO^laneeait O 7 9,;Q 



h b 50,45 
6 6 42,85 



t 3 41.95 



I 3 



38,42 



5 59 50'83. 
5 59 ^5^o 



13 

14 

15 
1 6 



2. 44 35«2 
44 36.0 
44 3S'S 



Mean ztti. dift. ^ 

oa. 11, 1766, V 07 10^79 

atthejfointA, J 



6 6 46,65 



I 3 4^.1^ 



5. 59 P'9^ 



2 44 35,57 

— 4 79 

— 7»$3. 

— 0^19 

"T* 2,75 



2 44 25,84 

' 2< 44 20,39 



"M ^ W U u —.^^ jia ^T^w wtwi w 



% 44 23. io 
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OBSERVA'-PIONS, AS FOLLOWS: 



SECTOR EAST, 



1766. D, 

oa. 8 



la 
11 
12 



$ Perlei. 



>t 



I 54 j4>o 

I 54 53«5 
I 34 S5'7 
^ 34 SS*^ 



I Perfei. 



//, 



S 8 ^3 35,0 
to 8 33 34,5 

12 8 33 33,0 



Capella. 



// 



8 7 16 21,3 8 

10 7 t6 20,0 10 

11 7 16 20,3 II 

12 7 16 22,0 12 



^ Auriga;, 
o / tt 

6 26 3,2 

6 26 4,0 

6 26 4,0 

6 26 4,0 



Cailor* 



o / 



tf 



8 6 4 50,5: 

10 6 4 50,5: 

11 6 4 49,_^ 

12 6 4 52,0 



I 34. 54' 5:1 

- 1,09 

— 8,27 



-f 



0,0 
i'58 



r 34 4<^>77 



8 33 34*17 
4- 2,0 

— 8,40 






0>Q 
8.55 



7 16 20,90 
+ 5,48 

•— 7,85 






0,0 

7,26 



6 26 3,80 
4- 6,55 

— 7»iS 






0,6 
6,43 



6 4 50,62 
— 3,52 
+ 4f6 



*»■*'*' 



0,0 
6,08 



8 33 36.3^* 7 i<5 25',79. 6 26 9,65 64 57,88 



SECTOR 


WEST, 














Oaokr. 

»3 

14 

16 


I 3.5 
35 
3.5 
35 


0.7 
0,6 

0,0 

0,0 


13 
14. 
1; 
16. 


8 33 sr^s 

33 40*4 
33 38,0 

33 '^^^S 


13 

[^ 

17- 


7 i^ 27,1 
16 29,7 
^^27,5 
16 29,3 
16 27,5 


15 

17 


6 26 11,5- 
26 11,8 
26 10,5 
26 11^3 


14 6 4 48,0 

15 4 47,3 
i6 4 49,5: 

17 4 48,4 




J 35 

IWW> WW 
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o>33 

i-,79 

8,2} 

0,16. 




8 3.3 38,10- 

-f- 1>20 

— 8,46 

— o,,T-4 

-f 8,55 




7 16 28,30 

4- 4^98 

7,85. 

— 0,07 

4- 7>26 




6 26 11,28 
F 6,2* 

— 7>n 

— 0,02 
4- 6,43 


6 4 48,30 

- 3»7S 
4- 4»7o 

— 0, 10 

4- 6,08 




J 34 5*'% 
^ 34 46177 




^ 33 39>3'^ 
8|1 36*32 




7 16. 32,62. 
7 16 2^,79 
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6 26 9j6.f 


64 55»23 
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PLANE OF THE 

» Lyra. y Androm. $ Perfei. 

Q / // Off/ O f ff 

...... 15 I 15 S^t^ 13 o 6 2a,5 

i^ 1 15 55',a ij: a 6 21,7 

16 I 15 g^,y 16 o 6 21,0 

I 21 42^0 *..•»» 

I zi 43,y 19 06 20,2 

1 21 41,7 •••..•^ 

I 21 42,40 I 15 55,17 o 6 20,80 

+ 2,20 — 11,76 ^— 9^20 

~ 5,66 — 7,60 — 8,19 

+ 0,48 — 5,12 — 2,64 

• ' --^ — i -- -- 

1 21 40,78 I 15 33,95 o 6 0,87 

PLANE OF THE 

*.•••• • • • • r • 21 06 29,7 

I 21 36,0 24 z 16 4,8 24 6 30,2 

^i 3Sf3 ^7 16 4»o 27 ^ ^9>5 
28 16 3,7 28 6 28,5 

I 21 35,65 I 16 4,17 o 6 29,48 

+ 0,15 — 11,63 — 9,56 

— 5,66 — ^,60 — 8,19 

■^ ^rS3 — 3>76 — $,0; 

+ I>36 -|r 1,26 4. 0,10 

i 21 32,03 I 15 42,44 o 6 8,78 

I 21 40,78 I IS 33>95 ® ^ ^'^7 

^ MM— <«—■———— I I I I I I III! I I i n 1 , 11 I . ni l I, 

I ^i 36^42 I 15 38,79 o 6 4,87 

7 10,79 ^ 44 ^3»»o 1 34 49,23 

I 28 47,21 I 28 44,91 I 28 44,40 
28 44,91 
44,40 
43,98 

4i>09 

44*34 

' I ■ I III II 

1 28 44,99 ^ Ae true celellial arch between the 

points N and A* 



Meaa 

Aberration 

Deviation 

Freceis,^ 

Refradion 



Mean zen,diit. Oft* 1 1^ 1766 



1766. 
December* 



24 
27 



..kMlt. 



Mean 

Aberration 

Deviation 

Precefs. 

Be^aftipn 



Mean zen. di^. Oft. 1 1 , 1 766 
D° Plane Eaft 



True mean zen, dill. 1 1 Oft. 1 
1766, at the point N. J 
D*^ at the Ipoint A, 

DlHerence 



Mean 
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SECTOR EAST- 



^Perfei. Capella* Aviugx. Caftdr.' 



13 7 5 ^>o U 5 47 42>o 
»i: S 3.0 15 47 4J»o 

16 5 2,0 i6 47 41,3 16 57 27,7 i6 7 33 38,i 



1^ S 3.0 IS 47 4UO IS 4 57 ^7tO ^5 7 33 3^,5 



19 5 3.7 »9 47 44»o »9 57 ^7.3 '9 33 38,7 



■*WMMWMMMi«rWWMa>*< 



■«»•» 



>■ m HI ifciim < I ^ 



7 S ^>67 5 47 42><33 4 57 ^7,33 7 33 37,80 

— 8,61 — 3,20 — 0,60 — 3,78 

~ 8,26 — 7,52 ~ 6,75 -f. 4,20 

^ 2,26 — 0,95 — 6,29 — 1,2^ 

+ 7^o3 + S»8^ + 4>9S + 7»S5 

I ■ ' •■ ' '-■•■'■ — - .,,„-, ,,— .-..■■.. ■ .■„., . ■- 

7 4 50.62 5 47 36,21 4 S7 H.64 7 33 44.S« 



SECTOR WEST. 

21 7 5 ro,3 21 s 47 sa,8 zi 4 57 3},j 21 7 33 jca 

24 7 i io,j 24 S 47 5*'3 «4 57 3S.«> H 33 3o3 

27 5 9'7 27 47 51,0 



28 57 35,6 



• ••••«« 



7 5 10,17 5 47 52*03 4 57 35,30 7 33 30,40 

— 9,37 *— 4»24 — i>6o ~ 3,5« 

— 8,26 — 7,52 — 6,74? + 4,20 
~ 2,56 — 1,09 — 0,32 -^ 1,36 
+ 7,08 + 5*80 + 4,95 + 7,5y 



*>*tMW— I Mll^ 



7 4 57»o6 5 47 44.98 4 57 3'.j8 7 33 37.*7 

7 450,62 54736,21 45724,64 73344.5* 

7 4 53*84 5 47 AOf6o 4 57 28,11 7 33 40,90 

S 33 37>82 7 16 29,20 6 26 13,20 6 4 56,56 

—^ ^ — n — rTniMiii • -ii j r i -— — _^___^— ^— — ^— — — - ^— _.^._ 

I 28 43,98 I 28 48,60 I 28 45,09 1 28 44,34 

this being a 
little wide of 
the reft is 
left out* 

R r e 
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The following ar^ Obfervatioas made at the Points N, and near P, in th$ Year 1764 : 
But the.Length of Time between thefet and thofe made at A, being near three Years — 
probably the Set made at N, in December 1.766,, may be bed to be lifei In deteimining 
the Lengthof a Degree of Latitude. 



.«•.*« 



STAR'S ZENITH DISTANCES. 



m ^wmmm n mm 



SECTOR IN THE TENT, PLANE EAST. 



J 764. 



January. 



y Andromeda. Perfei. a Perfei. 



^ Perfei^ 



17 

20 

21 

22 



O I II 

I 15 0,0 



I 
I 



^5 



2,2 
1,2 



o / 

o 5 

o 5 

o 5 
o 5 



// 



40 o 

39»o 
37»S 
38,0 



9 3 47>o 
9 3 49>7 



Mean, January 
Aberration deciin. 
Deviation D* 
Precefs. fr, i Jan, 1764. 
RefraAion 
Obfervatory S® of Tent 



20 1 15 Ij2 

— 10,0 

— 3»3 
^ 1,0 

+ 1,4 

+ 0,3 



5 



■wAwit 



9,r 

5»7 
0,8 

0,1 
o>3 



+ 



48,5 

11,4 

6,2 

Oj7 
10,5 

o»3 



7 4 29^5 
7 4 3«'0 
7 4 3o»2 

7 4 30>S 
7 4 3^ 

7 4 3<5,5 

- 10,4 

— 6,7 
0,7 
8,3 

0'3 






■if " ^" I 



Mean zeQj»^iil. 1 Jan. 1 764 



I 14 48,6 6 5 23,6 9 3 40,8 7 4 21,3 



SECTOR IN THE OBSERVATORY, PLANE WEST. 



Jannary 



It 



26 

27 
28 

29 



I i^ 4,7 05 41,7 

1 ij: 5,7 o 5 41,0 

I i^ 4,5 o ^ 44,0 

^ '5 5'5 o 5 44»o 



• • 



9 3 57^0 
9 3 57'5 
9 3 55'3 



7 4 32.S 

7 4 33^0 
7 4 3^>7 



Mean, January 
AJ^erration in Deciin, 
DViation D« 
Precefs. from i Jan. 1764 
Eefta^lion 



^7l 






IS 5,1 o 5 42,7 

9,0 — 8,6 

3 '3 — 5>7 

1,3 — i>i 

i>4 "I* 0,1 



9 3 56,6 

— 11,1 

■— 6,2 

1,0 



+ 



io,s 



7 4 3^.8 

— 10,3 

- 6,7 



Mean zen. dill. 1 Jan. 1 764 

D<» Plane Eaft 

True zen. dift. at the point 

N, I Jan. 1764. 
Precefs, toO^. 11, 1766 



I 14 52,9 

I 14 48,6 

I 14 50,8 
+ 49»45 



o 5 27,4 
o 5 23,6 

05 25,5 

40,56 



9 3 4^*8 
9 3 4o»3 

9 3 44*^ 



7 4 23,2 
7 4 21,3 

7 4 22,2 
+ 34>^i 



Reduced to 06t. 1 1, 1766 



1 15 40,25 o 6 6,06 



7 4 5^3^ ^ 
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*•« Z. DIST. AT THE POINT N. 









PLANE 


WES T. 














Capella 




^ Auriga. 




Caftor 


«j Lyra:. 


1764. 

January, 
Feoruary. 




27 
28 

29 
z 

3 


/ // 

i 47 46,8 

S 47 47»o 


28 

29 

Feb. 2 

I 


/ (f 

4 57 38,4 

4 S7 36,4 
. 5738,0 

4 ST 36,8 
4 57 36,2 


Feb. 

3 

1 

8 


Jan. 
...... 27 

...... 28 

7 33 6,6 Ab, 

7 33 4»8 Dev. 

7 33 5»5 Pf^5' 
33 6,8 Refr. 

Feb. 


of tt 

I 21 57»5 
1 21 57,0 


47 4^^ 
47 4: 
47 4^ 


^r7 

h1 


I 24 57,3 

— 9»5 

•— 9»4 
4- 0,2 








+• i>5 








1 21 40,1 




a 
13 


1 ?-2 3,8 
I 22 1,3 


Mean 

Aberration in Decliii 

Deviation 

Precefs. from i Jan. 

Refraction 


1764 


30 


5 47 46*6 

— 7»4 
•— 8,8 

— 0,4 
+ 6,7 


I 


4 57 37»2 

-- i?'7 
9,2 

— . 0,1 

-^ 5»8 


5l 


7 33 5'9 ^^ 

— 0,6 

4- 9»» 

— 0,7 
+ 8,8 

7 33 2M 

Mean 


1 22 2,5 

— 13,0 

— 9,4 

4- 0,3 
4- 1,5 


Mean zen. diftv i Jan . 


1764 




5 47 36,7 




4 57 28,0 


I 21 41,9 
I 21 40,1 




1 21 41,0 



February 



Mean ^ 

Aberration 

Deviation 

Precefs from i Jan. 

Kefradion 



PLANE EAST. 



Feb. 







Feb. 






• • ♦ 


. . • 


16 


I 22 


8,^ 






18 


4 57'35»7 




... 


* • . 




... 


... 


20 


5 47 39'0 


20 


4 57 34»7 


20 


7 33 


7,3 


20 


I 22 


i©,i; 


21 


5 47 3"^^! 


21 


57 35»o 


21 


7 33 


M 


21 


I 22 


8,8 


22 


47 38,0 


22 


57 35»2 


22 


33 


5'7 


22 


I 22 


9*8 
















26 


I 22 


10,8 


21 


5 47 38,6 


2X 


4 57 35^^ 


21 


7 33 


6,4 


t2 


1 22 


9.6 




^ 8,0 




— . 6,9 




4- 


Ori 




•.— • 


14»8 




— 8,8 




— 9»2 




4- 


9»r 




--* 


9>4 




— 0,7 




0,2 




— - 


0,95 




4- 


o»35 




4- 6,7 




4- 5»8 




H- 


b;b 




4- 


i»5 



Meanzendift. 1 Jan. 1764 
D° Plane W^ft 



5 47 27»8 
5 47 36,7 



4 57 24»7 
4 S7 *8>o 



7 33 23.8 
7 3>22,5 



1 21 47,3 
1 21 41,0 



True( zen, dift. at the point 1 
N, I Jan. 1764 / 
Precefs. to 0€t. 11, 1766 



5 47 32>3 
4- 14.5^ 


4 57 *6'3 
4- 4>2S 


1 33 n^ 
4- 18,97 


1 21 44.2 

— . 7*03 


5 47 46,86 


4 57 3<^»S8 


7 33 4^>o7 


I -21 37,17 
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Stars Zenith Dlftances obferved at a Point 7 chains 91 links North of Pi 

PLANE EAST. 



Capella, 



May. 



o t 



It 



7 
8 

9 



6 o 29,8 
6 o 28,3 
6 o 29,0 
6 o 30,0 



May 
6 

7 

9 
II 

iz 
13 



a Lyrae. 

I 9 io,| 

9 10,0 

10,5 

10,0 
7»7 



^ Cygni. 



May 

Ab. 
Dev. -f 
Prec. — 
Ref. 



// 



4 50 



+ 



6,3 

H'9 

8,74 

5>6 



May 
J3 



7 <^yz^^' 

o / // 

O 12 59,5 

-— 15,0 

-^ 8,1 

4" 4>^ 

4" 0,2 



May 
10 
II 
12 

»3 



a Cygni# 
o / // 

4 43 0,8 
4 42 58,2 

43 2»7 
43 Oi^ 



] 



< i iii«iiii i i I* 



MiMa 



4 50 32»5 



o 12 40,6 



■WhmMi 



lii'Mi 



Mean of 

the ift ^ to 60 29,3 10 19 9,6 May 

fett 

Aberration — 1,5 — ^2,3 19 

Nutation — 9>o — 9>4 20 

Precefs.fr, 1 

1 Jan. 1 764 J 

Refra£l« 



MHhA 



4 50 
4 P 



+ 



^»9 

7,0 



4- 



1,1 
1,2 



23 

^5 



Tfuezen. 
dift. I Jan. 
1764, 



} 



6 o 23,9 



kfiNMlMMriMwlMI^ 



8,0 

9>o 

50 11,3 

5d 9,6 

I- iiii I 



19 
20 

23 

25 



mean 4 43 0,4 

o ij 0,0 Ab. 4- 16,5 

12 58^0 Dev. + 7,0 

12 57,0 Prec.-— 4,5 

12 56,0 Refr.4- 5,5 



I 8 ^0,2 22 4 50 5,5 

'::■' vr: Ab. 4- 15,2 

Nut. 4- 8,74 

Prcc. — 3,2^ 

Refr. 4- 5>6 



mean 4 50 33,8 

Mean j 

of the >4 4. 32,5 

above, J 



22 12 57,75 mean 4 43 25,^ 

— 13,5 May — ' i— ^ 

— ■ 8,1 19 4 43 1,0 

+ 4,3 20 43 1,5 

4- 0,2 2j 43 0,5 

25 43 2,3 



o 12 40,6 
o li 40,6 



iTruezcn.dift, ijan. 
1764, from the mean 
all the five obfervation 



an of ? 
ions, J 



4 5^ 33>i5 



22 
mean 4 

Ab^ + 

Nut, + 

o 12 40,60 Prec. — 

Refr. 4- 



43 



i»3 
M»9 

S'5 



May » Lyrse. 



Mean of 
the above 



22 

mean 4 



i 



43 24»^ 
25i4 



19 I 9 4*3 

23 9 3>8 

25 9 ^>7 



True &en. dift. i Jan. 1 
i 764, from the mean of > 
all the obfervauons J 



4 43 2S»^ 



Mean of the 2d fett 22 

Aberration 

Nutation 

Precefs. 

Refraaion ^.^ 

Mean 

Mean above ^ 

Meanofalhheob- I 
fervat, 1 Jan. 1764J 



X 9 4>3 

— 9.i? 

— 9,4 

4- 1,1 



I 8 47,7 
8 50,2^ 



I 8 49,0 
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Star's Zenith Diflances obferved at a Point 7 chains 91 links North of P. 

PLANE WEST, 
a Lyras. 



1764. Capella. 

May O 28 6 o 52,7 27 
June 1 o 32,3 28 

S o 3i>7 June 

3 



4 
6 

7 

a 



I 08 59,0 
8 59»S 

8 58,0 

8 59,8 
8 58,2 

8 S7.3 
8 S7>3 



27 4 50 14,8 

28 4 50 51,0 
Ju ne 

3 50 iS'O 

4 5<^ is:>3 

5 50 16,8 

6 50 16,3 
8 50 18,0 



26 
27 

28 
June 

5 
4 

7 
8 



y Cygni. 

o / // 

O 12 52,6 26 

12 51,0 27 

12 51,0 28 

June 

12 51,0 3 

12 50,3 4 

12 49,8 5 

12 50,0 6 

12 49,0 7 

12 48,0 8 



DifFereace 



I I 



'>43 > 

>63 

.38) 



Arches by different Stars 



ix, Cygni. 

o / ff 

4 4^ 4>3 
43 4»^ 

43 4'^^ 

43 7>5 
43 5 '4 
43 6,5 

43 7>S 
43 8,0 

43 8,3 



Mean 


I 6 32,2 3 


I 8 58,4. 


3 4 50 i5'9 


3 12 50,3 


3 4 43 6,2 


Aberration 


+ i»4 


- 6,3 


+ 10,4 


— 11,3 


+ 12,8 


Nutation 


— 9,0 


- — 9>4 


+ 8,74 


^ 8,1 


+ 7.6 


Precefs. from 
I Jan. 1764 








+ 4,6 




•— 2,2 


+ i>i 


— 3»4o 


— 5,2 


Refraftion 


+ 7>o 


4- 1.2 


4- 5.6 


4- Q,2 


+ ^,5 


Meanzen.dift" 












I Jan. 1764 
at a point 7 j 


> 6 29^4. 


I 8 45,0 


4 50 37>24 


12 35,7 


4 43 26,9 


ch.91 lin. J 












I)°. Plane JLaft 


23,9^ 


I 8 49,0 


4 50 33.15: 


12 40,60 


4 43 2^.0 


Truezen.dift. "■ 












I Jan. 1764 












at a point 7 


> 6 26,60 


I 8 47,00 


4 50 2Sy^9 


12 38,20 


4 43 25,95 


cha. 91 lin. 








, 




North of P\^ 












Precefs. to n " 
Oa. 1766 


-1^ 14,^5:6 


— 7^03 


-F 23>03 


— 30,75 


4" 34.39 


Truezen»dift. ' 
1 1 oa. 1766 


> 6 41,16 


I 8 39,97 


4 50 58^22 


12 7,45 


4 44 0,54 


D^. at the ' 
point A 


'7 16 29,20 


+ 7 10,79 


6 6 46,65 


I 3 40,18 


5 59 52,92 



I 15 47>^3 I ^5 52^38 



1 15 48,04" 
15 50,76 

48,43 
47' 
5g,3« 
I 15 49,45= the celcftial arch between the point 7 cha.91 lin. N. of P and the point A 
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Remarks on re-meafuring the Lines with two re<5tangular 

Le\^els, or meafuring Frames. 

The levels iufed in this work werf, each, 20 feet in length, and 4 
feet in height. They w^re made of pine, an inch thick, and in form of 
a re£langle; the breadth of the bottom board was yf inches, that of the 
top =: 3 inches, of the ends r= 4I inches, and the bottom and top were 
firengtherfed with boards firmly fixed to them at right angles. The joints 
were fecured with plates of 'iron, and the ends were plated with brafs. The 
plumb lines ufed in fetting them level, were = 3 feet and 2 inches in 
length, and hung in the middle of the levels, being fecured in a tube from 
the wind, in the mariner of carpenters levels 5 wherefore we called thefe* by 
the fame name. 

When the plumb-line bifeiSled a point at the bottom, the ends were 
perpendicular. 

Where the ground was not horizontal, or there were logs, &c. to pafs 
over, one end of the level was raifed by a winch and pully. 

The level being fet, a fliort ftaff was drove into the ground (very near 
and oppofite the plumb-line), in the top of which moved a thin plate of 
iron, about I a inches long ; at the ends of which were points, which were 
direfted to the interfe£lions of lines, drawn on the board that covered the 
plumVline. By bringing the points in a line with one of the faid inter- 
feaions, if the level wajs by accident moved, it might be difcovered, and 
brought again to its place. 

A level being thus marked, the end of the other was brought in conta£l 
with it, and marked in the fame manner, before the firft was moved ; the 
firft was then taken up, and fet before the laft. And fo the operation was 
continued. Mr. Dixon attended oWe plumb-line and ftafF, and I the other. 
Xhe meafure was carried on in a ftrait line, and in the proper direftion, 
by pointing the levels td the fertheft part of the vifto that could be feen ; 
this was rea'^ily ihd accurately, done, on account of their lengths. The 
levels were frequently compared with the brafs ftandard, of 5 feet, provided 
for thatpurpofe, and the difference was noted between 8 times the brafs 
ftandard, and the length of the two levels taken togerher ; as may be feen 
inthe 3d. an(| 4th columns of the following table. This difference ferves 
for reducing the meafure tak;en with the levels, to v/hat it would have been 
if it had been taken With the brafs ftandard itfelf j fee column 6th. For fa- 
cilitating this comparifon of the leveU with the brafs ftandard, pieces of brafs 
were fixed into the bottom boards of the levels, on each of which was 
drawn a faiti% linef And one tenth of an inch at the end of the brafs ftan- 
dard being divided into ten parts or hundredths of an inch, the difference 
between eight times the brafs ftandard, and the two levels joined together, was 
WJtJ? the help 6f a magnifying glafs of a fhort focus, determined to great 
accuracy. Moreover, the brafe ftandard being liable to alter with the changes 
of heat and cold, a further correillcn becomes neceffary on that account, in 

order 
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©rder to reduce themeafures to the temperature of 6a® of Fahrenheit's ther- 
Kioiueter, which is the term ro which the former operations of this kind 
have been leditced. For this purpofe, the rate of expanfion of brafs is taken 
from Mr. Smeaton's experiments, made with a pyrometer of his invention 
(fee Philof. Tranf. VoK XLVIIL Part II.) which is ^i^ of an inch 
upon a length of one foot for a variation of 1 80^ of Fahrenheit's thermome- 
ter 'y whence the expanfion anfwering to four times the length of thi brafs 
ftandard, or 20 feet, or the length of one level, would be ^*.~-^^^ of an inch 
fbr the fame difFefence of the thermometer ; and -j..-yJ-^.^th of an inch for 
i"^ of the fame thermometer. Thereforey. in order to find the corrcilion of 
Golumn 7th, the conftant quantity ,00258 was multiplied by the difference 
of 62, and the degree of the height of the thermometer j and that produft, 
again multiplied by the number of levels meafured^ gave the corredion re- 
quired in inches and decimal parts of an inch j which was additive or fub- 
tradivc, according as the thermometer was higher or lower than 62 degrees. 

In the folTowing Procefs, the 

I and 2 Columns contain the time of the day, M fignifying morning, A 

afternoon. 
2 — - - the height of the thermometer at D*', 
4 -the quantity, in hundreth parts of an inch, that the two 

levels, taken together, were more or lefs than eight 

times the brafs ftandard, or 40 feer.> 
j • . • - the number of levels meafured between the times, that 

the levels themfelvcs were meafured wiih the brafs 

ftandard.- 

6 « « - • the correftions, or quantity in inches, to be added to, 

or fubtra£led from, the number of levels meafured 
each day, arifmg from the levels being more or lefs 
than the brafi ftandard. 

7 • . - - the corredion^ or quantity arifing from the thermometer 

in inches. 



Began, at the point N, to re^meafure the lines with two re^langular levels, 

20 feet each in length. 



1768 
February 

t 23 



h 
10 

3 



VoE* LVIII. 



M 52 +)i2 203 
A 53 +»i2 
The breadth of Bran- 1 ^ r. 
diwine the i ft time J "^ ^ ^ 

D**a 2d, where wecrOffed 1 2j20 

S f 



6 

+ 12,18 

+ 0,49^ 



+ 0,73 J 



7 
- 4>97 

\ — 0,47 
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1768 Jt 2 3 4 S 6 7 

D* a third time gj; + 0,39 — 0,i0 

a4 9 M 54 +,oS 

if A 44. +i»i2 325 +t6>2| — 13*41 

5^ 39 +vP:: 



y^^"* » " iii»»''i " »i u iii|li 111 iiwiiii— #iw»..i»p wii»W»— m i y f^^ 



25 






27 



e 28 



J ^l■»^ll nlln t > H>* i w>«»«« 



o 



i^ ^H lil HnW l Ili^iiM 



Raiti 



ii / i W I 



29 81 M 40 +,cS 80 RaHiirUheaf- 

4" 3>^0 — 0,4! terUiHrt^ 



M I mw MP " "m i W ill**— 



March I 9l M 3V +,33 320 435,20 -20,64 



42 



2 8| M 32 +,20 ^^ +15 10 ^10,58 



5I 48 +,115 



mmmmmmmmm 



81 M 40 +,185 230 H- 17,82 -10,68 

2 A 48 +,1^5 120 +^ 8,10 — 4.33 

5 4*5 +7 145 



i m piiupw—i wo - 



Mi*Mn mw *» p iM m iiii»wii » i'ii fw *«iaw«»'*M» w i N i' 



t^iq 



8| M 31 4--.I9 2C0 4-17150 • -^,.^ 

5I 30 4->iB5 ^ 



iiJIiliiiiliWfliMi 



8 M 27 +,18 j,2Q ^,5^3 —1589 
I A 41 +,12 J20 +840 — 836 
5f 29 +,j6s 



'i ^ !5 t''^5 250 +.5,37 -»8.7o iiritlh 



;i "" ^6 t'lo? 90 4-4 4^ -5>»o froft. 



■W<ta 



8 8 M 36 +,103 ^ 3^ —10,68 

i| A 52 —,037 j^Q —1,02 ~ S>9* 

5s 45 +> °° 
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1768 12 3 4 5 6 7 

March '' Here fubtraci 4 

9 H M SI +>o65 _ _, inches, for £0^ 

si 5^ +3OIS * 5 corner of a barn, 



4 A 61 -:o3 ^79>2 -1.79 -x>^5 
This reached the point P. 
IJence NP = 3914,45 levels + 199 02 inches — 178,40 inches zz 78Z90 72 feet. 



Besan at the Point C. 



II II M 60 — >04 137^15 -^274 — 0,71 Rain. 

" ? A S Xil "^ + ^.'^ - -.95 



m*.m^ 



o 13 



1^ 17 Began where we \ett off, on the lath inftant, to meafure as before. 

10 M 34 +,09 + ca± — Set 

5, 36 +;o8 ^44 + 6,»2 - S,9i 



I ^■ v *pp| ^yfc I <p w »< 



18 81 M 36 +,085 „,^ , , ., 



-1 



35 +.073 '^ + *'°^ 9.45 



f '■ < ' 



^^ 9 M^„36 +,1.5 ,33,3^ +,,,,3 ^,^,,5 

Thi6 reached the point D. 
Hence CD r= 1330,50 levels -1-41, 63 inches — 64,95 inches = 26 6c&,o6 feet. 



■«^ ^ ii^M »i mmmm 



From D to ^ rr i chain, and 36 Jinks found before; r= 89,76 feet* 

Q 20 Sent to Pniladelphia, about 40 miles diftant,, for tents, &C.. 

% a4 Began at the point B, to meafure the line A B.. 

1 1 M 49 —,08 132; — 5,28 — 4,42 



2 '^S 



»•*•••»•»• 



h 



^'{T\ rr+S5 ^-'-5 +X.58 -6,53 



■ ■■■WW M l * 



O 27 

S f a 
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T768 

March 
3) 28 




2 


3 4 


5 


6 


7 


Snow. 


$ 29 


8 

2 

5i 


M 
A 


40 +yig 

47 +?<^9 
40 Hh,ii 


264 
264 


4-. 18,48 - 
+,i3i 2 " 


—12,60 

— I2,6o 


Compared two 
thermometers i 
they agreed 
within one di- 
vifion. 


s 30 


61 


M 
A 


38 +,14 
61 +,025 

45 +»io 


288 
19a 


4-1 1,95 ~ 9,28 
+ 5>9S -^ 4546 




n 31 


8i 

2 

6i 


M' 
A 


45 +^iS 

62| +,105 

49 +»'7 


204 
192 


+ 12,85 - 
+ 13,15 - 


- 4,21 

- 2,97 


By accident one 
of the thermom. 
was broke. 


April 


8 
6 


M 
A 


39 +''95 
52 +>i9 
35 +>^9 


324 

204 


+31,10 - 
+ 19.J8 - 


--13*79 
- 9'73 




h 2 


9 

61 


M 
A 


40 +.i8 
46 4-.I4 
37 +'i5 


228 

168 


+ 18,24 - 
+ 12,18 - 


-11,17 
-- 8,88 




G 3 














» 4 


91 

3 

6 


M 
A 


38 +.04 
51 +.12 
36 +»i3 


2t^ 

192 


+ 12,48 • 
+ 12,00 - 


'-14,0^! 
— 9,16 


Snow in the 
evening. 


^ 5 


8| M 
3 A 

lemia river 










Snow. 


S 6 

Crofled Bol 


37 +«H 
51 +'i3 

38 +,13 
obliquely =: 


228 

204. 
33i 


+ iS'39 ' 
+ 13,26/ 

87s + 2,21/ 


—10,58 

—10,70 




n 7 






Sno\y all day, 
and froft at 
night. 



8 ri M 37 +,23 . 4.7802 —21.01 
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1768 

April 

^ 9 



X 

9 
6 



a 3 4 

M 44 +,165 
A 57 CO 

5' +>02 



192 

204 



+ 7*96 

+ 1,02 



S'69 
4)21 



kvaanarakM 



o 



» 



^ 



» 



10 



II 



2| 

6| 



M 59 
A 



—,017 
66 — ,i6 
59 -.10 



2-88 —1 2,8 1- + 0,37 
228 —14,82 + 0,29 



MkiaMMrfHMMw^HM 



■ribwHMMMMMHtaMBWWte 



12, 8 M 47 —,02 
3 A 70 —,14 
6 60 — ,03 



348 



i3'92 — 3'H 
6,63 + 1,21 



»3 



9 
I 

6 



M 64. 

A 76 

t4 



-,08 

-,105 

■,07 



240 
156 



11,16 + 4,95 
6,86 + 3,22 



MtkMVMMMMiilMi 



% 



AmmtmmmJkm 



14 8| M 53 —,02 
4i A 53 00 



3 



96 



1,98 



9'*9 






15 9 M 45 -J-,i8 264 



Rain in the af- 
ternoon : this 

+23.7^ ~ii,S7 thL*hw£I 

two feet deep, 
for half a mile. 



■MMM^MMnMH^HMM 



16 



8 M 46 +,20 
4 A 56 +,205 



396 +39^99 --111^3 



17 
18 



81 M 52 +,n| 

Noon 6y „^o2 



6i A 



58 



»OI 



264 
192 



+ 6,20 — 1,70 
— 1j4+ + 0,24 



III >1 



19 8i M 53 +,oi 

3 A 74 -,075 *♦+ 
after 3" aft. 132 



" > I 111 



9^.50 + 2,23 



20 8| M 57 +,025 
2I A 78 — ,065 
6| 6x — .02 



312 
216 



3ii2 + 4>43 
4iS+ + 4>i8 



1768 

April 

% at 



X 

h 



i 318 ] 

5 6 



8| M 52 +106 
aft. i|A 



264 



+ 7-93t + 1,53 



Left off m M 
fwamp of wa- 
ter 18 inches 
deep% 



mmmmimm 






O 






% 






■M-4it« 



May 
O 



MMMMi 



9 



aa 
23 



} 



Rain day and 
night. 



mV ! •iiM*" 



MiaaaaMa 



alitf 



24 



Rain till il** 
AM. 



immmm-mi0i»mtm 



■■*i..i>ii 



25 



SwatDpsfofuIl 
of water we 
could not pro- 
ceed. 



■MIMM 



MMIpaWIMAl 



»flli|*i 



■MtaMM* 



27 10 M: 73 00 . 
5i A 72 ~,C3S 



42O 



— 3.78 +11,38 



mmmmmKaiiMi w mi m wim» hw ■■■ 



wwi»i» ' *wiwii i « WN |P>nwi m ■ ■ m j w* 



a8 8| M 54 —,03 
d A 6il — ,02 



396 



4'9S 



4,09 



mMmMI^ 



29 • ♦ ■• • • • • • 

^ 7 M 60 +>i9 

2 A 76 4*»i< 

^ 73 +,11 



336 



+ 5^94 + S47 



|g|MliMIII|IM I Il W| lllll l lll m I I (rn inii n 



iJbMiMiMiiiiyiWMaNi^^ 



a 8| M 54 +,es 
6| A 56 +jO^ 



384 4 1 3*41 



^93 



MUMM 



IMgMMHH«WMI 



l<illlinWHiatl«M«MMhMMMI 



•••■•taHtiP 



iii lj i bill tttt i ^ ilmmmiimmmmtmmmmm^m 



3 A 82 +,02 ^ 
61 Hi +^<>7S 



This day we 

fouad the dift. 

between tliC 

t. * £■ A^'^ and 4'2d 

+ 9*79 + 7>o6 *i,, ft« 
-^ 2r59 + 4»74 levels and l 

feet more than 
uTual between 
I ipije pofls* 



I I — ■ ^. ■ .. II I !■ I I. -. I.. . . I 



i<»|»iww* .i « <)» i |f »r ii m ii t m %\\ 



mimmammmm 



Thiiiiderftorm 
all the morn* 

4 i%i M 19 •+,tiS atS 4t3»i3r +10,00 ingrpaffedthe 

tnaiA braneh 
ol Chop^nk. 
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J768 1234 5 6 T 

May I* 

"^ ^ ! A ^6' J'oa^ ^^+ +8.97 +10,90 

51 7. +.09 '3^ + ^'"^3 + 5,79 



1 1 . » w 'lawii w'li 'ii h awi ■! » m '- u> 'mmm f ^'tfira$t^fm9m'''i''i*f^ ^i^*mm0'*'*m»'i»timf»mum'>*m n tmmt v m *i f^. 



6 9| M 66 +,14 ^2A 
4 A 63 +,i5S ^ ^ 

aft. 4^ A 72 4-^9 J I ^4* 'SL.Ss 



^ ! ^ t? tili 408 + 25.S +5.^6 

3 A 74 +,065 ^ 






8 






» 










> 


9 


7§ 
4l 


M 
A 


63 


+ 03 


528 


— «,69 


+ i6i3S 


^ 


10 


7 


M 
A 


61 
68 


+.005 

+ .01 


372 


+ 1.49 


+ 2f40 


a 


II 


6i 


M 
A 


70 
72 


+,iii 
+,06 


528 


+22,44 


Rain in the 
-f 12,26 night and 
morning. 






ir>iiiii inl.li.iJ __L—._|[__^. ■LL..'i....iMJiiii II II • r ■■ - ■' V ■ " •" — ■— '^^— — -«.~-'— — t-^— — ~— p ->— — — i— ^ 



«MMHMMMMiiirfh> 



? 13 8| M 68 +,10 2^ 

3 A 75 —,0*5 + 7,33 4- 9,21 

aft. s"" A 96 

»«— **■——»■»—«■»—»■«—• 1 I— ^M1<M»— — ■limn ii.i«»M»».M»»l«»M»«MMM«MIM*M»»ll«IMI»ii*IW»ll«««M»l«IW«»i™*«M«MW^ 

^ ^^ f ^ 5Jj+;J4V a64 +1^74 +S.4S 

o 15 

J, x6 7I M 57 +,19 ^g^ 

jl A 8 1 —,04 +a«i44 + 9'53 

aft. 31" A «44 



■ ■ . 1 ■iiiii » i i Mm ii i i M i ii Ill I '' w i irii ii 'ww iiiiiii i i rm i r iiiiii rai i Wi i ii iii t ii ni fiami mri mtmmahmtmmilitmimitHUitmttIm 



17 8| M 66 +,12 8 

3 A 87 —,085 *°* 

aft. 3''A 144 4- 4»7S +>9>7J 



O 22 



tMi 



n 
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1768 1234 5 6 

May * 

Paffed through 

S 18 8| M 67 +,085 g g MarfoyHope, 

I A 90 +,14 ^44 + 8.J3 + o>i'3 water 4 or 5 

feet deep, 

■ Ill I'll IHM» ■■■M'i»»M|N»»M<IMMM»»MMi»»iMlifc^«ii>M>»»<»||MM»WM»«MW^»M»M»MM»»l^».»>^««^^ 

n 19 9| M 69 +,15 , 4.,.,« J^rncc 

3 A 86 +,075 *^+ +'4.7» +10,55 

j2o8M69+>i7 076 Great dews 

3 ^93 4">04 ' for 4 morn- 

aft. 3^ A 168 +23,31 +21,76 ings paft. 

[..j__i..» I iiii r — -' ■ ■■ ■ ■ 1. , , .- . ..-■■.. ^ ^ 

^- ^' I A 86 -,oi 360 +6,30 +16.25 Great de«r. 



■MM 



■flk^ 



D 23 Rain* 



S 24 7 M 50 +,3S g^ 

3 A 75 +,21 ^ 

aft. 3^ A 180 +92^0 + 0,85 

Rain laft night 
and this morn- 
» 25 9i M 59 +,28 g , g g. _ . .Q ing. 

4 A 56 +,34 39^ +tii,35 ~ 4,59 paffedthrougb 

water part of 
the day. 



> ■ n il I w m i I H I " !' 



Rain laft night 

^^ ?l A <l tie 5^8 +97>68 -8,85 day, the levels 

^z o^ -r>^ continually 



continually 
wet. 



J 27 8 M 65 +,18 g 

3I A 79 +,t4 ^^ Dry weather, 

aft.3j^A 264 +52,80 +17,02 



»!■■ ^ J i'* I I II ill ■■II— M— w«p ■ I iiiiaiM H M mn \pmmmmKmmmmmimmmKmmmmmm 

h 28 

29 

1 30 



[ 321 ] 



1768 1 % 3 4 5 6 f 

May ^ 

^ % A Jo -m 375 -10,34 +2i,8a therforjciaj. 

This reach'd to the North fide of the river Nanticoke, near to the 7th miiepofti 

here we left a mark. 



% June 2 PafTed over the river Nanticoke, and began at the 6th mile poft from the 

point A. 

8 M 84 +,075 ^^^ 

2| A 74 +,g8 300 

aft. 2|'^A 228 +20,59 +^3,15 

"? 3 g U 76 +,155 ~T 

3 A 85 +5O2 '^^ 

aft. 3^ A 264 4-29504 +31,50 



4 65 M 64 +%2I^ n 

I A 82 00 398,875+21,15 +11,32 At thepointA. 



05 

J& 6 Began at the 6th mile poft, and meafured Northward through the fwamo 

of Nanticoke, ^ ^ 

>jl M 67 +,I2 •, 

2 A 77 +,055 ^30 +10,12 J to the river 

Crofs the river to the -J 16,82 

mark left the 31ft of > 34,67 +1,54! ' 
May. 3 ^ 

7^'^ ^"^^^^ ^^^ ^T ^ ^- r'^*'^ ^^^^^^h of the rivers was found by 

Hence AB=: 2 1 696,47 levels +892,34 in- ^ mcafuring a bafe, and taking angles with 
ches 4-94551 *"c'^«sr:434oi 1,64 feet, la Hadley's quadrant. 

^ _ _, _ ^^ ^^ Uf li , II , ■( ■ 1 I J II H, II 11 1 ■ I | ||||,||I» M 

Note. The reckoning was kept by flretching a rope in the line to be meafured (in 
general) = 12 levels, which was often proved: and it was afmoft inipoffible that an 
error could arife ; as we always began the rope with the fame level, and ended it with 
the other ; the rope not being removed till the laft level was fet. 

The perfon that^ftretched the rope, fometimes Mr. Dixon, and fometimes mvfelf. 
kept the account of the_number of ropes meafured : though the mile ports in the lines 
AB and DC were fufficient for that purpofe, as the lines had been fo often meafured 
berore. 

In the line NP there were no milepofts. but two or three intermediate marks, which 
we found to agree m a general law with the levels. 

Suppofing the levels exaaiy =20 feet each ; then in the line NP a mile per chain 
meafure = a mile and 9,44 feet by the levels 5 and in the line CD a mile per chain 
meafure=a mile and 9,86 feet by the levels. ^ 

Vol. LVIII, X t T 
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In the line AB> what the levels make more than thf? chain, between the mile pofis^ 
if as follows. 



Miles from 


Diff. ia 


the point 


feet. 


A. 




8l 


— ^ T 


80 


Hi 


78 


30i 


76 


25 


75 


14 


7^ 


43 


70 


3*1 


66 


6/ 


65 


»5- 


63 


33 + 


61 


33i 


60 


i6| 


59 


Ui 


58 


iti 


57 


Hi 


56 


15 


55 


13 


54 


12| 


53 


IGf 


52 


12i 


51 


II 


SO 


»3 


49 


Ji 


48 


9{ 


47 


9i 


45 


iH 


44 


7 

MB 


43 


9i 



Miles from 


r DilKlfl 


ttie point 


feet. 


A. 




43 
42 


•74 


40 


16 


39 


8 


38 


14. 


37 


'''•, 


36 


Hi 


35 


H 


34 


Hi 


33 


Hi 


28 


79i 


27 


15 


25 


32 


24 


20| 


23 


14 


22 


"i 


21 


I2| 


19 


22 


18 


i4i 


15 


29 


13 


i4i 


12 


5 


10 


III 


9 


8 


8 


7l 


6 


»4 


4 


23 


2 


n 





2l| 



{Here appears to be an 
error of one chain =65 » 
feet, ia the chain mea»> 
fure, as obferved before* 
p« 3iS* 



We took notice of thcfe differences as we tneafurcd from B"to A, always finding the 
miles greater by the chain meafure, by the quantity above, which ihews that the chain 
was continually extending itfelf by ufe 5 as we had direft proof of, being obliged to 
contraftit everyday, and re-adjuft it to its proper length by means of the ftandard 
chaint 



To 
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To find the Latitude of the Point N. 

Capella Aurigae 



» Pctfei 

o f tf 



o f ii o t II 



Caftof 
x> t it 

reduced to I Jan. 17^4. ) 7 4 ^2.« J 47 32»3 4 J7 ^6,3 7 %% 25,1 
Stars decl. by Dr. Bradley. 47 <> 40>0 4^ 43 J?3>Q 44- ?3 44»^ 5^ ^^ 5^*^ 
Xatitude by the different ftarii 



I 21 44,2 

38 34 34,0 



Mean ss:«««««*«*t 
Arch between N «nd Ass 



39 S^ i7»8 

20,7 

17,9 

l8,2 

^■■■■■■■■■■•■■■•BMMMIhMa 

39 56 18,9s 
I 28 44,9 



j6 20,7 56 17,9 56 19,9 $6 i?,2 



the latitude of ^lie point K« 



38 27 34 tz the latitude of the |ioilit A# 

39 II 56 S ^hc mean latitvide* 



Cha. Mafon. 
ere. Dixon. 



'i«<*- 



niirt*ii 



•«■«(■ 



■lMii*aiiMi«i 



The Length of a Degree of Latitude in the Province of 

Pennfylvania, deduced from the foregoing Gperatibtis j 
Aftronomer Royal. 




and 
by the 



'T'HE differeflce of latitude of the points N and A, or the amplitude of the celeflial 
J- arch, anfwerfng to the diftanM between the parallels of latitude paiTnig through 
N and A, has b^en found by the feaor, page 306, to be 1" 28' 45",o. The terreftrfal 
njeafure of the diftance of the faid parallels is next to be found. This is compofed of 
the fum of the lines N P, C D, D^, and AR, the laft mentioned line being the re- 
du6hon of A B to a meridian line paffing through A : therefore B R expreffes a parallel 
of latitude paffing through B. Let Bi be an arch of a great circle drawn perpendicular 
to the_mendian line, A R produced; The triangle fi As-, on account of the fmallnefs 
of Its fides with refpea to the radius of the earth, and the fmallnefs of the angle B A t 
=3 43 30 may be fakeh for a pkne reftilinear triahgle, in What follows, without 
any fenfible error, as will appear to any one who makes the trial. Therefore it will 
be, by proportion j as radius is to the cofine of the angle B A/=3'' 43' 30" fo is 
A B=434oii,6 Englifli feet, to A /=433094,6 Englifh feet. But this is to be leffehed 
by the fmall quantity R t, or the diftance of the parallel circle B R from the great circle 

T t 2 B ^^ 



To which add J 
as found before 
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Btf which is to a third proportional to the diameter of the earth and the line B R, as 
the tangent of the latitude of the point B, to the radius. Whence R/=i5,8 feet 
which mbtra£led £rom A^ juft founds: 

43309456 leaves ARrr 433078^.8 feet 

NPz: 78290,7 

CDrr 266080 

D^z= 89,7 

I— w— » II II iii n i iii m i l — —I— 

The fum is . • • . . := 538067 feet 

r:: an arch of meridian intercepted between the parallels of latitude pafling through the 
points N and A, anfwering to the celeftial arch 1° 28' 45'^ 

Then fay, as i"^ 28' 45''; is to i*^ : : fo is 538067 feet, to 363763 Englifli feet, 
which is the length of a degree of latitude in the, provinces of Pennfylvania and Mary- 
land. The latitude of the Northernmoft point N, was determined from the zenith 
diftances of feveral liars, fee page 323 = 39° 56' 19" and the latitude of the Souther- 
moft point Ar3 38'' 27^ 34''. Therefore the mean latitude exprefled in degrees and 
minutes is =39" 12'. 

To reduce this meafure of a degree to the meafureof the Paris toife, it muft be 
premifed, that the meafure of the French foot was found upon a very accurate 
comparifon, made by Mr. Graham, of the toife of the Royal Academy of Sciences at 
Paris, with the Royal Society's brafs ftandard, to be to the fenglifh foot, as 114 to 107. 
See Philofophical Tranfa£i:, Vol. XLIL p. 185. Therefore fay as 1 14 : is to 107 : : fo 
is 363763 the meafure of the degree in Englifh feet, to 341427 the meafureof the 
degree in French feet, which divided by 6, the number of feet in a toife, gives the 
length of the degree = 56904! Paris toifes, in the latitude 39"^ 12' North. 

Such is the length of a degree in this latitude, fuppofing the five feet brafs ftandard 
made ufe of in this meafure to have been exa<aiy adjufled to the length of the Royal 
Society's brafs ftandard. It was really adjufted by Mr. Bird, by his accurate brafs fcale 
of equal parts, which he makes fuch excellent ufe of in dividing aftronomicalinftru- 
ments, and which is jufl'T-^'^th part of an inch fliorter than the Royal Society's brafs 
ftandard upon a length of three feet. If one would take notice of fo fmall a difference, the 
length of a degree juft found muft be leffened by -r^i-o-yth part, or by ten feet, in order 
to reduce it to the meafure of the Royal Society's ftandard. Since I am treating of fuch 
niceties, may it be allowed me to add, that the five feet brafs ftandard having been 
again compared with Mr. Bird's fcale, fince its return from North America, appeared 
both to myfelf and Mr. Bird to be juft -r-oWth part of an inch fliorter than the fcale, 
upon that fide on which the hundredths of an inch are placed at one end, and Trcrs-s-ths 
of an inch ftiorter than the fcale upon the oppofue fide i which diminution of its length 
is undoubtedly owing to the fmall wearing or battering which it has met with in the 
frequent ufe that was made of it. But the divided fide of the rod having been that 
which was made ufe of in meafuring the levels, is what is to be regarded in the prefent 
cafe. If one would allow for the wearing of the rod, one may fuppofe it to have fuffer^ 
ed a gradual diminution j and then one muft take a mean between its firft length, which 
was the fame with Mr. Bird's fcale, and its prefent length, which is ^r^Voth of an inch 

fliorter s as one may fuppofe it a medium to have been ir^Wth part of an inch fliorter 

' than 
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than Mr» Bird's fcalc ; on which account the length of the degree fliould be further 

diminiflied by 'ri*-J^o^th part, of 3 feet, which added to 10 feet, the correftion required 
on account of the difference of Mr. Bird's fcale and the Royal Society's ftandard, gives 
13 feet to be fubt rafted from the length of the degree calculated above. The whole 
correflian will perhaps be thought fcarce deferving of notice, efpecially as an error of 
only .1" in the celeftial meafure would produce an error of no lefs than 67 fe,et in the 
length of the degree. Moreover it is probable that the length of a degree has been 
already taken 10 or 20 feet too fhort, by placing the point C too far to the Southward ; 
which would about balance the fmall corrcftion in queftion. Therefore, all things 
being confidered, the length of the degree may be ftated as given above, viz. =363763 
Englifh feet or 56904I Paris toifes. It muft, however, be obferved, that the accuracy 
of this reduftion into Paris toifes depends upon a fuppofition that the length of the 
French toife, which is of iron, was laid off by the gentlemen of the Royal Academy of 
Sciences, upon the brafs rod fent over to them for that purpofe by Mr. Graham (which 
was afterwards returned to him) ; in a room where the heat of the air anfwered to 62 of 
Fahrenheit's thermometer, or 15 of Reaumur's, or nearly To, which is probable 
enough, hut is a point that does not appear to have been afcertnined. For, on account 
of the difFerence of expanfion of brafs a,nd iron ; 2 rods made of thofe metals, however 
accurately they may be made of equal lengths at firft, will only agree together after- 
wards in the fame temperature of the air in which they were originally adjufted toge- 
ther. It is fortunate that the uncertainty in the prefent cafe is but fmall, fince so'' 
difFerence of Fahrenheit's thermometer or 10° of Reaumur's produces, according- to 
Mr. Smeaton's experiments, a difFerence of the expanfions of brafs and iron of only 
rth part, which would caufe an error of only 27 Englifii feet or about 4 Paris 
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toifes in the length of the degree. 

It is however to be wiflied, that the proportion of lengths of the French and Englifii 
meafures might be again afcertained by another careful experiment, in which the 
temperature of the air, as fliewn by the thermometer, might be noted at the time* 

[See the Map of the Coumry, where the foregoing Obfervations were made. Tab. XIV ] 



POSTSCRIPT, BY THE ASTRONOMER ROYAL. 

HAV ING, fome time ago, acquainted M, De laLande, of the Royal Academy 
of Sciences at Paris, by letter, of this meafure of a degree of latitude in North 
America, and at the fame time exprefled my doubts about the certainty of reducing it 
to French meafure, from the proportion of the English to the French foot found by 
Mr. Graham ; principally becaufe no'notice had been taken of the height of the ther- 
mometer at Paris, when the length of the French iron toife was laid off upon the brafs 
rod fent thither by Mr. Graham, whence the proportion of the two m.eafures was af- 
terwards determined by him ; and having alfo mentioned my opinion of the expediency 
of making another experiment of the proportion of the two meafures, in which Q.v«ery 
neceflary circumftanceihould be noted; and that I might probably requeft the favour of M. 
De la Lande to take the trouble to caufe a French toife to be made for rne, and to fee it ex- 
adlyadjuftcd to their ftandard, and then fent to me} hehasbcenpleafed to lend me two 

toifes, 
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toifes, which he fays are exa£lly adjufted to theftandard of the toife ufed by Meff De k 
Condamine and Bouguer in the meafureof the degrees of latitude at Peru, in order to their 
being compared with theEnglifti ineafure. This comparifon has been made by Mr. Bird, 
with his ufual accuracy, while 1 was prefciit, and alfo examined the fame, fince my 
account of the length of the degree of latitude aforegoing was printed ; axid the refult is, 
that the longeft of the two toifes (for there is a fmall difFerence between them), and 
which has fince been marked with the letter A, is equal to 76,738 inches by Mr. Bird's 
brafs fcale of equal parts, and the fliorteft toife, whicTi is marked B, is =: 76,7 35 inches 
by the fame fcale; the height of Fahrenheit*s thermometer in the room being 6:i de- 
grees. The mean of the lengths of the two toifes is therefore -=76,7365 inches by 
Mr. Bird's fcale. But Mr. Bird's fcale is^^'L.^th of an inch upon 3 feet (norter than 

the Royal Society's brafs ftandard, and tonfequently .^.^'^^^th too fliort for the fam^ 
upon 76,7365 inches ; therefore ^^^.^ of an inch muft be fubtra£led from 76,7365; 
which leaves 76,7344 for the leingth of the Paris toife in meafures of the Royal So- 
ciety's brafs ftandard, in the temperature of 61° of Fahrenheit's thermometer. In the 
temperature of 62'' it will be a little fliorter ; or it rnay be taken zz 76,734 inches in 
meafures of the Royal Society's brafs ftandard. This is ^|^-^th or about ^*_d of an 

inch longer than was determined by Mr. Graham's experiment. Hence it appears, 
that I was miftaken in fuppofmg, in p. 325, that the uncertainty about the true pro- 
portion of the Englifti and French meafures was but fmalJ, fince the error in the for- 
mer determination now appears to have been ^„!^th of the whole, or equivalent to 
v^bat might have been produced by a dirference of 84'' of Fahrenheit's thermometer. 
Whence it arofe I cannot pretend to fay, neither is it very material to enquire ; but the 
fzct is plain, and fully juftifies the propriety of repeating the experiment. 

I fhall now ftate the length of the degree, meaiured by Meffieurs Mafon and Dixon^ 
lirft in Englifli feet, according to the Royal Society's ftandard, and then reduced to 
the French meafure by the proportion juff eftablifhed. 

From 363763 Englifti feet, the length of the degree found by the 5 feet brafs 
ftandard, fee p, 324, I fubtra^ lO feet for the difference between Mr, Bird's fcale 
and the Royal Society's ftandard, and 3 feet for the wearing of the brafs rod; and there 
remain 363750 ftet, according to the Royal Society's ftandard, for the length of the 
degree* But to this it feems proper to add ai feet, in order to correft the pofition of 
the point C, determined by the feaorr,virhicfh cztmt)t he fo certain as that inferred from 
the azimuth of the line PS. See p. 279. Therefore the true length of the degree, 
according to the Royal Society's brafs ftandard, in the temperature of 62° of Fahrenheit's 
thermometer, is 363771 feet, or 68,896oEngli{hftatute miles. To reduce this to the 
meafure of the Paris toife, by the proportion above eftabliflied, fay as 76.^734 is to 72, 
fo is 363771 to 341328 French feet, or 56888 Pari-s toifes, of the ftandard of that ufed 
in the meafure of the degrees of the meridian at Peru. 

The method made ufc of by Mr. Bird, in finding the length of the toifes by his fcale, 
was as follows, which may ferve as a direction for the like purpofe on any future oc- 
cafion. Two brafs pins were drove into a ftrong deal board 4 inches thick, and longer 
thSh the toife ; and two brafs cheeks were made very fquare, and the ends brought upon 
the pins. The toife was then put in between the cheeks, one of which was made to 
Aide fo as to be eafily brought into conta<a with the end of the toife, and the other end 
3 at 
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at the fame time touching the other cheek, the moveable cheek was fcrewed fall: ; and 
thus the toife was exatSIy contained between the cheeks without any fhakc, and it is 
evident that the interval between the cheeks was exa^ly equal to the length of the toife, 
lii order to meafure this interval, the toife being taken away, very fine lines were 
drawn with a fine point, at the end of each cheek, upon the brafs pins which were in 
the fame plain with the board : then the cheeks were removed, and fine points made 
at the outer extremity of each line, and this diftance being taken between the fine 
points of a beam compafs, was transferred to the fcale, and thus the length of the toife 
was found in meafures of the fcale^ which is divided by a vernier to thoufandths of an 
inch. The toifes and brafs fcale had been left together in the fame room, and near 
one another all the night before, and till the very time of making the comparifon of the 
toifes with the fcale, in order to be fure that they were all afteited with the fame de*- 
gree of heat. 

As it may be agreeable to the reader to fee the rqfult of the principal meafures of 
degrees of latitude, that have been taken with later inftruments and proper accuracy, 
brought together into one view, the following table is here added. 



Length ot a 

degree in 
Paris toifes. 



57422 

5707 + 
57091 

57028 

57069 

56979 
56888 

56750 
57037 



Mean 

latitude. 






66^ 20' N 
+9 23 N 
40 
o 

44 
o 

12 
o 

18 



47 
45 
44 
43 

39 

o 

33 



N 
N 
N 
N 
N 



Names of the obfervcrs. 



M. de Maupertuis, &c, , . . . 
M. de Maupertuis, &c. and M, Caflini 
P. Liefganig . ...... 

M. Caffini 

P. Beccaria. • 

Le Pere Bofcowich and Le Mairc 
Meff. Mafon and Dixon . , • 
M. Bouguer and M, de la Condamine 
Abbe de La Caille , . . . 



Years m wijicti 

the degrees were 

meafured. 



1736 and 1737 

1739 and 1740 

1768 

1739 and 1740 

1768 

175^ 

1764 to 1768 

1736 to 1743 



If this degree be compared with the degree meafured at the equator =: 56750 toifes, 
in the hypothefis of the earth's being an oblate fpheroid, the ratio of the equatorial to 
the polar diameter will come out as 49410493. But, if it be compared with the 
degree meafured in Laplandy, in the latitude 66"^ a(5',=:574i9 toifes (I have fubtrafted 
3 toifes, becaufe the toife ufed in Laplandy was ^yh or ^'^Ith of a line Jefs than the 
toife ufed in Peru, fee M. De la Lande's Aftronomy, Article 2107), the ratio of the 
diameters will be as. 142 to 141. The great difference of thefe refults is a frelh proof 
of what has appeared from the comparifon of the meafures of the fcveral degrees taken 
before, cither that the figures of the meridians are not accurately elliptical, or that the 
inequalities of the Earth's furface have a confiderabje effed in defleding the plumb- 
line from its true fituation, or both. I had indeed fuppofed that any deflediions of the 
plumb-line were not to be feared with refpeft to this particular meafure of a degree, at 
the end of my Introduftion to Meflxeurs Mafon and Dixon's account of the fame, by 

arguing 



[ 328] 



arguing, perhaps too far, from the level difpofition of the country through wliich the de* 
gree pafles. But the Honourable Mr. Henry Cavendifli has fince confidercd this mat- 
ter nnore minutely; and having mathematically inveftigated feveral rules for finding the 
attraftton of the inequalities of the Earth, has, upon probable fuppofiticns of the 
diftance and height of the Allegany mountains from the degree meafured, and the 
depth and declivity of the Atlantic ocean, computed what alteration might be produced 
in the length of the degree, from the attradion of the faid hills, and the defe£i of at- 
tradion of the Atlantic; and finds the degree may have been diminiflied by 60 or 100 
toifes from thefe caufes» He has alfo found, by fimilar calculations, that the degrees 
meafured in Italy, and at the Cape of Good Hope, may be very fenfibly afFeded by 
the attraction of hills, and defeft of the attraftion of the Mediterranean Sea and Indian 
Ocean, 

The r\iles, which I ufed in calculating the ratio of the equatorial diameter to the po- 
lar axis, from the North American degree, compared with thofe meafured in Peru and 
Laplandy, are thofe given by Mr, John Robertfon, Librarian to the Royal Society, in 
his Elements of Navigation, p. 597, as deduced by him from Dr. Letherland's Geo- 
metrical Analyfis of the problem, which he has alfo given to the public in the fame 
place, together with fome other problems depending upon it, which were neceffary to 
complete the fubjeft. 
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